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SUMMARY 
A v e h i c l e  i n  a n  e a r t h  o r b i t  o r  on a n  i n t e r p l a n e t a r y  mission i s  
a n  i s o l a t e d  body i n  thermal equ i l ib r ium w i t h  the  space environment. 
Temperature con t ro l  of the  v e h i c l e  i s  l a r g e l y  e s t a b l i s h e d  by external 
su r face  coa t ings  which provide the  c o r r e c t  balance between absorp t ion  
from r a d i a t i n g  energy sources ,  p r i n c i p a l l y  the  sun, and emission due 
t o  the  temperature of the  v e h i c l e  i t s e l f .  The o p t i c a l  p r o p e r t i e s  
of such coa t ings ,  i n  p a r t i c u l a r  t h e  s o l a r  absorptance and thermal 
emi t tance ,  are ad jus t ed  t o  meet t h e  thermal requirements  o f  t h e  su r face  
t o  be  coated.  I n  a d d i t i o n  t o  the  des i r ed  o p t i c a l  p r o p e r t i e s ,  thermal 
c o n t r o l  coa t ings  must e x h i b i t  favorable  mechanical c h a r a c t e r i s t i c s .  
A thermal c o n t r o l  coa t ing  designated as HXW has been formulated 
which g ives  improved o p t i c a l  p r o p e r t i e s  over e x i s t i n g  coa t ings  and a l s o  
e x h i b i t s  favorable  mechanical p r o p e r t i e s .  The coa t ing  composition i s  
based on a binder  comprising a suspension of s y n t h e t i c  mica g e l l e d  
w i t h  a s u i t a b l e  ca t ion-conta in ing  so lu t ion ,  which i s  a s o l u t i o n  of a 
so lub le  metal si l icate.  Zinc oxide  or o t h e r  pigments are normally 
added t o  the  composition, depending on the  o p t i c a l  p r o p e r t i e s  
des i r ed .  This  coa t ing  has  a wide v a r i e t y  of u ses  because of i t s  
v a r i a b l e  o p t i c a l  p r o p e r t i e s  and i t s  s t a b i l i t y  to solar r a d i a t i o n .  
INTRODUCTION 
This  r e p o r t  p r e s e n t s  t he  t echn ica l  development of a coa t ing  r e f e r r e d  
t o  as  HXW. 
duc t s  from Minnesota Mining and Manufacturing Company, New Jersey Zinc 
Company, and Phi lade lphia  Quartz Company. The coa t ing  i s  versat i le  
i n  t h a t  compositions can be " t a i lo red"  ex tens ive ly  f o r  a v a r i e t y  of 
coa t ing  a p p l i c a t i o n s .  Another advantage of  t he  coa t ing  i s  t h a t  i t  i s  
inorganic  and, t he re fo re ,  non-flammable. Th i s  r e p o r t  desc r ibes  the  
formulat ion,  gr inding ,  and spraying techniques,  and phys ica l  t e s t i n g  
of t he  Hxw thermal con t ro l  coa t ing .  
This  coa t ing  i s  formulated from commercially a v a i l a b l e  pro- 
GENERAL DESCRIPTION OF TIIE Hxw COATING 
This  r e p o r t  i s  concerned n o t  on ly  wi th  t h e  coa t ing  c a l l e d  Hxw bu t  
a l s o  w i t h  a binder  which can form t h e  b a s i s  f o r  a wide v a r i e t y  of coa t -  
ings  by a d d i t i o n  of s e l e c t e d  pigments and o the r  components. 
of s y n t h e t i c  mica o r  sodium-magnesium-fluorolithosilicate mineral i n  
f i n e l y  divided aqueous suspension by a d d i t i o n  of a spec i f i ed  ca t ion -  
conta in ing  s o l u t i o n  produces a hard ,  durable  material h ighly  r e s i s t a n t  
t o  s o l a r  r a d i a t i o n  and i d e a l l y  s u i t e d  f o r  binder  use.  Although the 
theory i s  n o t  completely understood, t he  formation of t h i s  ma te r i a l  i s  
be l ieved  t o  r e s u l t  from an  exchange r e a c t i o n  between metal c a t i o n s  such 
as l i t h i u m  o r  sodium i n  the  mica o r  mineral component wi th  cat ions i n  
the  g e l a n t  so lu t ion .  
Gela t ion  
The p r i n c i p a l  component of the  binder  i s  a f i n e l y  divided aqueous 
suspension of a r e a c t i v e  s y n t h e t i c  mica o r  a mineral  of the  t r i o c t a h e d r a l  
montmori l loni te  type.  These materials are cha rac t e r i zed  by t h e i r  phys ica l  
form of extremely t h i n  p l a t e l e t s ,  t h e i r  e x c e l l e n t  c a p a b i l i t y  f o r  f i l m  
formation i n  aqueous suspension, and t h e i r  high degree of chemical 
r e a c t i v i t y ,  owing t o  the  presence of  low-atomic-number metals and 
f l u o r i n e .  
formula : 
Syn the t i c  micas which can be used are exemplif ied by the 
where X i s  sodium o r  l i t h ium.  Material of t h i s  type i s  obta ined  by 
chemical modi f ica t ion  of n a t u r a l l y  occurr ing  micas such as  phlogopi te .  
Most n a t u r a l l y  occur r ing  micas are n o t  s u i t a b l e  wi thout  chemical 
modi f ica t ion ,  a l though they have t h e  same c r y s t a l  s t r u c t u r e  a s  the  
s y n t h e t i c  m i c a  shown above. The r e l a t i v e l y  h igh  conten t  of aluminum 
or  potassium atoms i n  n a t u r a l  micas r e s u l t  i n  low r e a c t i v i t y  and 
poor f i l m  forming p r o p e r t i e s ,  r e q u i r i n g  t h a t  t h e s e  elements be a t  l ea s t  
p a r t i a l l y  rep laced  by the  more r e a c t i v e  l i t h ium.  I n  a d d i t i o n ,  hydroxy 
groups i n  the  n a t u r a l l y  occurr ing  material are rep laced  by f l u o r i n e  
atoms. Synthe t ic  mica wi th  the formula shown above i s  a v a i l a b l e  
commercially from Minnesota Mining and Manufacturing Company under the  
t r ade  name "Burnil Microplates" i n  t h e  form of i r r e g u l a r  p l a t e l e t s  20 
t o  100,angstroms t h i c k ,  w i th  t h e i r  diameters  g r e a t e r  than 100 times the  
th ickness .  They have a t h e o r e t i c a l  dens i ty  of 2.7 g / cc ,  an index of r e f r a c -  
t i o n  of  1.5,  and a melt ing p o i n t  g r e a t e r  than 1800OF. This s y n t h e t i c  mica 
o r  f l u o r o l i t h o s i l i c a t e  i s  employed i n  the form of an aqueous suspension,  
having a concent ra t ion  such as t o  a l low mixing wi th  the  o ther  components 
and subsequent a p p l i c a t i o n  as a coa t ing .  A concent ra t ion  of about 
4 weight percent  i s  s u i t a b l e  i n  most cases,  a l though concent ra t ions  
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from about  1 . 5  t o  25 weight percent  can be used. These materials form 
a t h i x o t r o p i c  s l u r r y  i n  water, and higher  concent ra t ions  may cause 
d i f f i c u l t y  i n  a t t a i n i n g  a homogeneous mixture and r e s u l t  i n  a marked 
r educ t ion  i n  f i l m  forming p r o p e r t i e s .  
An aqueous s o l u t i o n  conta in ing  metal c a t i o n s  i n  the form of a 
so lub le  metal s i l i ca t e  o r  s u l f a t e  i s  mixed w i t h  the s y n t h e t i c  mica 
suspension i n  an  amount s u f f i c i e n t  t o  provide the des i r ed  p r o p e r t i e s  
i n  the  cured b inder  o r  coa t ing .  The metal c a t i o n  source can be a 
so lub le  a l k a l i  metal s i l i ca t e  such as sodium, l i t h ium,  potassium, o r  
aluminum s i l i ca t e .  Ln the  case  of a l k a l i  metal  s i l i c a t e s ,  the  p r o p e r t i e s  
and s o l u b i l i t y  vary  wi th  the  r a t i o  of a l k a l i  metal oxide t o  s i l i c a  
t h e r e i n ,  bu t  any water so luble  form can be used. A s i l i ca t e  concen- 
t r a t i o n  of about  80 t o  100 weight pe rcen t  of t he  binder  s o l u t i o n  i s  
p re fe r r ed .  The most d e s i r a b l e  phys i ca l  p r o p e r t i e s  a r e  ob ta ined  when 
us ing  potassium s i l icate .  The brand now used i s  "Kasil #6" from 
Ph i l ade lph ia  Quartz Company. This  p a r t i c u l a r  s i l i ca t e  con ta ins  12.45 
weight pe rcen t  K20 and 26.2 weight pe rcen t  Si02. 
An aqueous s o l u t i o n  of c e r t a i n  metal s u l f a t e s  can a l s o  be used as  
the ge l an t .  S u l f a t e s  of a l k a l i  metals inc lud ing  sodium, l i t h ium,  and 
potassium and of a l k a l i n e  e a r t h  materials inc luding  calcium, magnesium, 
and the  l i k e ,  as w e l l  as aluminum s u l f a t e  are s u i t a b l e  f o r  t h i s  purpose. 
Binders g e l l e d  w i t h  s u l f a t e  s o l u t i o n s  show some advantages over s i l i ca te -  
g e l l e d  b inde r s ,  f o r  example, i n  t h e  h id ing  power of  the product: coa t ing ,  
b u t  s i l i c a t e - g e l l e d  b inders  show much b e t t e r  adhesive p r o p e r t i e s .  
The mechanical p r o p e r t i e s  of the  binder  can be c o n t r o l l e d  by vary ing  
the  re la t ive amounts of the  s y n t h e t i c  m i c a  and g e l a n t  s o l u t i o n .  For 
b inde r s  g e l l e d  wi th  so luble  s i l icate  s o l u t i o n s ,  about 15 t o  30 weight 
pe rcen t  of dry  g e l a n t  s o l i d s  r e l a t ive  t o  the t o t a l  dry s o l i d s  weight 
of binder  and o t h e r  components can be used. A t  lower p ropor t ions ,  
mechanical s t r e n g t h  and d u r a b i l i t y  are reduced, and a t  p ropor t ions  over 
30 pe rcen t  the  b inder  o r  product  coa t ing  becomes b r i t t l e  and more water 
so luble .  For metal s u l f a t e  s o l u t i o n s ,  a g e l a n t  propor t ion  of 25 t o  32 
weight pe rcen t  of binder  components can be used. A s  i s  t he  case f o r  
t he  s i l i c a t e  g e l a n t ,  the  binder  becomes harder  wi th  inc reas ing  amounts 
of s u l f a t e  s o l u t i o n  ge lan t .  
The mixture obtained by combining the  s y n t h e t i c  mica o r  f luo ro -  
l i t h o s i l i c a t e  suspension and i t s  ge lan t  s o l u t i o n  can be used wi thout  
any o t h e r  a d d i t i v e s  f o r  some coa t ing  a p p l i c a t i o n s .  Such a coa t ing  i s  
h ighly  durable  and p r o t e c t i v e ,  b u t  i t s  o p t i c a l  p r o p e r t i e s ,  f o r  example, 
a s o l a r  absorptance of 0.56 f o r  a t y p i c a l  mixture ,  l i m i t  i t s  use  i n  
unpigmented form. 
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For most a p p l i c a t i o n s ,  t h e r e f o r e ,  pigments o r  o the r  a d d i t i v e s  a r e  
employed t o  impart  thk des i r ed  o p t i c a l  p r o p e r t i e s .  The binder  prepared 
as descr ibed above i s  broadly compatible wi th  conventional pigment 
materials, and i n  p a r t i c u l a r  oxide pigments such as z inc  oxide ,  t i t a -  
nium dioxide ,  antimony t r i o x i d e ,  zirconium oxide ,  etc.  For s o l a r  
r e f  l e c t o r  type thermal con t ro l  coa t ings  , a pigment having maximum 
s t a b i l i t y  t o  s o l a r  r a d i a t i o n  i n  vacuum i s  p r e f e r r e d ,  and z inc  oxide 
and zirconium oxide are the most s u i t a b l e  i n  t h i s  regard .  A pigment 
volume concent ra t ion  of about  25 t o  48 percent  can be used, and b e s t  
r e s u l t s  w i th  r ega rd  t o  o p t i c a l  p r o p e r t i e s  are obtained a t  a concen- 
t r a t i o n  of 38 t o  42 percent  pigment. 
For r e f l e c t i v e  coa t ings ,  a l l  o r  p a r t  of  t h e  pigment component can 
be rep laced  by s o l i d  o r  hollow g l a s s  microspheres,  such as are a v a i l a b l e  
commercially from Minnesota Mining and Manufacturing Company under the  
des igna t ion  f 'Microballoons." Minimum p a r t i c l e  s i z e  microspheres are 
p r e f e r r e d ,  and i n  p a r t i c u l a r  those t h a t  have a diameter lees than  10 
microns,  a l though those  wi th  a diameter of 35 t o  45 microns can be used. 
Glass microspheres e x h i b i t  a high degree of s t a b i l i t y  i n  space environ-  
ment and excellent r e f l e c t i v e  p r o p e r t i e s  so t h a t  they a r e  i d e a l l y  s u i t e d  
f o r  thermal con t ro l  coa t ing  a p p l i c a t i o n s .  I n  add i t ion ,  coa t ing  weight 
i s  reduced since t h e  g l a s s  microspheres are hollow and have a much 
lower dens i ty  than oxide pigments. For b e s t  r e s u l t s ,  the  g l a s s  micro- 
spheres  are used i n  combination w i t h  a pigment such as  z inc  oxide ,  
wi th  t h e  s m a l l  pigment p a r t i c l e s  be ing  i n t e r d i s p e r s e d  between t h e  g l a s s  
p a r t i c l e s  i n  t h e  coa t ing  t o  provide maximum h id ing  power. 
The o p t i c a l  p r o p e r t i e s  of t h i s  type coa t ing  can be v a r i e d  widely 
by s e l e c t i o n  of t h e  appropr i a t e  pigment and coa t ing  th ickness .  A s o l a r  
absorptance as high as 0.98 can be obta ined  by us ing  a b lack  pigment 
o r  as low as 0.17 can be obtained w i t h  z i n c  oxide.  The minumum s o l a r  
absorptance f o r  the  r e g u l a r  HXW whi te  coa t ing  of 0.17 occurs  a t  a 
minimum coat ing  th ickness  of 1 2  m i l s .  F igure 1 shows the  coa t ing  
th ickness  ve r sus  s o l a r  absorptance of the  HXW coa t ing  over a sand- 
b l a s t e d  aluminum s u b s t r a t e .  
A t y p i c a l  ba tch  of white  HXW c o n s i s t s  of 150 gm of ZnO, 150 
m l  of B-35A g l a s s  microspheres,  225 m l  of HX-610 s y n t h e t i c  mica 
suspension, 150 m l  of K a s i l  #6, and 200 m l  of d i s t i l l e d  water. The 
materials a r e  mixed by convent ional  methods such as b a l l  mi l l i ng .  
materials a r e  added t o  the  m i l l  i n  the  above o rde r  except  water i s  
added a f t e r  the  o the r  materials have mi l led  2 hours.  A s a t i s f a c t o r y  
consis tency f o r  spraying i s  obta ined  by m i l l i n g  3 t o  6 hours i n  a 
po rce l a in  b a l l  m i l l  a t  70 pe rcen t  c r i t i c a l  speed def ined by 
The 
[ rpm = 5 4 . 2 / 4  m i l l  r a d i u s  (f t) 1 .  
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The volume r a t i o  of b a l l s  t o  m a t e r i a l s  i n  tlie m i l l  i s  L:2 and  the  t o t a l  
charge<50 percent  of t he  m i l l  c apac i ty .  It i s  p r e f e r a b l e  t h a t  tlie 
coa t ing  be prepared j u s t  p r i o r  t o  us ing ;  however, no problems have been 
observed a s  f a r  a s  s h e l f  l i f e  i s  concerned. The s t o r a b l e  she l f  l i f e  
has been found t o  be i n  excess  of 18 months. I n  us ing  a prev ious ly  
prepared mixture ,  thorough mixing should be made p r i o r  t o  a p p l i c a t i o n .  
Subs t r a t e  prepara t ion  i s  a very  important s t e p  i n  the a p p l i c a t i o n  
of the  HXW coa t ing .  The HXW i s  p r imar i ly  used on metal s u b s t r a t e s .  
I f  t he  metal i s  bare  i t  should be sandblasted wi th  80-100 g r i t  s i l i c a  
and then cleaned wi th  a de te rgent  c leaner  and water  followed by acetone 
or  f r eon .  The coa t ing  has  a much improved r e s i s t a n c e  t o  s a l t  spray o r  
high humidity co r ros ion  i f  the  s u b s t r a t e  i s  a lodined ,  anodized, o r  even 
primed wi th  z inc  chromate. The chromic a c i d  anodize seems t o  be the 
b e s t  process  t o  p r o t e c t  the s u b s t r a t e  from cor ros ion .  
The HXW formulat ion i s  appl ied  by spray-pa in t ing  us ing  a conven- 
t i o n a l  spray gun. The gas t o  the  gun must be c l ean  and f r e e  of o i l .  
The a p p l i c a t i o n  technique c o n s i s t s  of spraying u n t i l  a r e f l e c t i o n  due 
t o  the  l i q u i d  i s  apparent .  This i s  followed by a i r  drying u n t i l  the  
g los s  i s  p r a c t i c a l l y  gone, a t  which t i m e  the  spraying-drying cyc le  i s  
repea ted .  The w e t  th ickness  of the  HXW i s  approximately t h r e e  times 
the cured th ickness .  A f t e r  a p p l i c a t i o n ,  t he  coa t ing  i s  t ack - f r ee  and 
it w i l l  dry i n  a i r  a t  room temperature.  However, a p re fe r r ed  cur ing  
cyc le  i s  24 hours a t  room temperature ,  8 hours a t  1706F,  and 16 hours 
a t  250"F, t he  e leva ted  temperature being used t o  in su re  complete cur ing  
and hardening. 
Op t i ca l  s t a b i l i t y  of a thermal con t ro l  coa t ing  i s  e s s e n t i a l  f o r  
e x t e r i o r  use on a space v e h i c l e .  The HXW coa t ing ,  using zinc: oxide a s  
the  pigment, has  been exposed t o  u l t r a v i o l e t  r a d i a t i o n  up t o  1000 sun 
hours wi th  a change i n  the s o l a r  a b s o r p t i v i t y  of 0.01 o r  l e s s .  
Exposure of the  coa t ing  t o  e l e c t r o n  and proton r a d i a t i o n  a t  a f l u x  
of 1013 e l e c t r o n s  o r  pro tons  per  square cent imeter  a t  1 mev energy 
l e v e l  a t  5 x t o r r  r e s u l t e d  i n  a s o l a r  a b s o r p t i v i t y  inc rease  of 
0 .01 or  l e s s .  These tests demonstrate the except iona l ly  good r e s i s -  
tance of the  coa t ing  t o  degradat ion of o p t i c a l  p r o p e r t i e s  upon exposure 
t o  r a d i a t i o n  i n  vacuum. 
A primary concern of coa t ings  f o r  use  on the  i n t e r i o r  of space 
v e h i c l e s  i s  f lammabil i ty .  The HXW coa t ing  meets the  requirements  f o r  
Type I ma te r i a l s  of MSFC-SPEC-101 and, t h e r e f o r e ,  i s  a non-flammable 
coa t ing .  This c l ia rac tc . r i s t ic  i s  b a s i c a l l y  due t o  the absence of 
organic  i i ~ ~ t c r i a t  i n  tlic coa t ing .  It a l s o  mects the  LOX compa t ib i l i t y  
s p c c i l i c a t  ion (MSFC-SlTC-106B) mcaning t l iat  i t  i s  compatible wi th  
high oxygen atmospheres o r  o t h e r  hazardous environments. 
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Other merits of t he  HXW coa t ing  are i t s  toughness, d u r a b i l i t y ,  
and low o f fgass ing  q u a l i t i e s .  This  coa t ing  has  a l s o  been found t o  
be r e s i s t a n t  t o  cracking o r  s p a l l i n g  when thermally cycled between 
212°F and -320°F. 
C ONCLUS I ONS 
Based on the  d a t a  obtained du r ing  the  development program of the  
HXW, i t  appears  t h a t  t h i s  coa t ing  has many a p p l i c a t i o n s  i n  the  thermal 
c o n t r o l  of space v e h i c l e s .  The o p t i c a l  p r o p e r t i e s  of t h i s  coa t ing  are 
supe r io r  t o  many coa t ings  of t h i s  type and i t s  v e r s a t i l i t y  w i l l  enable 
i t ’ t o  r ep lace  some types  of coa t ings  now i n  use.  
r e l a t i v e l y  cheap and the  materials are a v a i l a b l e  commercially. I t  i s  
easy t o  prepare  and no s p e c i a l  p recaut ions  are  necessary as f a r  as 
hazards a r e  concerned. 
The coa t ing  i s  
6 
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